2015), but none has considered the significance of the divergence for systematics.
151
The present account is based primarily on the unpublished study of Tinsley (1971, loc. cit.) 152 up-dated to include 31 currently-recognised species. Parasite evolution is considered 
MATERIALS AND METHODS

168
Observations on living specimens were based on field collections in Africa (Uganda, Ghana),
169
Australia and North America, and on hosts imported from N. America and S.E. Asia 170 (Thailand). Comparative morphometric data were derived from preserved whole mount 171 specimens, histological sections, and the published descriptions of all the species currently 172 assigned to Polystomoides Ward.
174
The data set of species descriptions taken from over 100 years of the worldwide literature 175 has several unavoidable limitations. These, and the approach adopted in this study, are 
182
Morphometric means were compared between species inhabiting bladder and oral cavities 183 using t tests corrected for unequal variance. Allometric relationships between 184 morphometric characters were assessed using linear models: a set of models investigated 
207
The major components of the attachment apparatus of the haptor are 6 suckers and 2 pairs 208 of hamuli (referred to here as hamulus 1, the larger, outer pair, and hamulus 2, the smaller, 209 inner pair). These develop and grow continuously following establishment post-infection.
210
In addition, there are 16 marginal hooklets that reach final size before hatching of the 211 oncomiracidium and persist without further growth throughout life.
212
Species from the alternative sites of infection differ fundamentally in organisation of the 213 haptor. Oral cavity parasites have larger suckers and smaller hamuli compared with urinary 214 tract parasites that have relatively smaller suckers and much larger hamuli ( Fig. 1 A-F) . In 215 species infecting oral sites, the length of hamulus 1 is, on average, 2.7% of body length (and 216 never more than 5%); in urinary tract species, mean hamulus 1 length is nearly 10% of body 217 length (and never less than 6%) (Fig. 1D ). Variation in hamulus 1 size between the 2 groups 218 of parasites is also non-overlapping when the absolute lengths are considered: hamulus 1 219 size is <250µm in all oral species (range 52-200µm) and >250µm in all urinary species (range 220 285-900µm) (Fig. 1A) . The relative lengths of hamulus 2 show a similar difference between 221 the species groups: mean 1.4% of body length in oral cavity species, 3.6% in urinary tract 222 species (Figs. 1B, E) . In the case of the suckers, these size differences are reversed in the 2 223 parasite groups. In species infecting oral sites, the diameter of the suckers is equivalent to 224 nearly 10% of body length (mean 9.8%); this is almost twice the corresponding sucker 225 diameter for species in the urinary tract (mean 5.4%) (Fig. 1F ). All differences in these 226 characters between the 2 parasite groups are highly statistically significant (all P<0.01, see 
228
Next we assessed the nature of the allometric relationship between body size and 229 attachment organ size for the 2 groups of species. Fig. 2A 
240
In contrast to the suckers, the allometric scaling relationships for the hamuli are very (Fig. 3) . Ocadia sinensis (in Taiwan) harbours P. microrchis in the oral cavity and P. ocadiae 254 in the urinary bladder (Fukui and Ogata, 1936, 1939) ; Cyclemys amboinensis (Malaysia) 255 harbours P. asiaticus (pharynx) and P. malayi (urinary bladder) (Rohde 1963 (Rohde , 1965 ;
256
Siebenrockiella crassicollis (Malaysia) harbours P. renschi (pharynx) and P. siebenrockiellae 257 (urinary bladder) (Rohde, 1965) . Using the maximum measurements cited in the descriptions of these species pairs, the lengths of hamulus 1 are at least 4 times greater in 259 the posterior site species than the anterior site species within the same host: 640 v. 110 µm; 260 680 v. 160 µm; 420 v. 100µm, respectively. Across these species pairs, sucker diameter is an 261 overall average of 30% larger in species from the mouth/ pharynx than in those from the 262 urinary bladder (Fig. 3) .
263
Observations on living specimens show that the haptor is highly effective in attachment by On the other hand, there is significant overlap of ranges of the 2 parasite groups in S.E. Asia 311 (Japan, Taiwan, Thailand, Malaysia) (Fig. 4) . there is a reduced risk of loss from the infection site before suctorial attachment can be 364 regained.
365
In posterior sites, including the urinary bladder, the host epithelium is highly contractile and and body length suggesting that, in both groups, the increased demands of attachment in 376 larger species are met to a major degree by increased adhesive capacity of larger suckers 377 (Fig. 2) 
380
The situation is reversed in the species specific to posterior sites. The continuing 
390
It might be considered that the allometric relationships noted (Fig. 2) simply reflect that 391 bigger worms have bigger attachment organs. However, the influence of dynamic 392 functional effects specific to parasite x micro-habitat conditions is demonstrated by the data 393 for the hamuli of oral cavity species. Counter-intuitively, for hamulus 1, the slope of the 394 relationship with body length is not significantly different from zero (Fig. 2B) . So, in this 395 infection site, the larger pair of hamuli makes no greater contribution to attachment as the 396 presumed stress (or risk of detachment) produced by greater body size increases. In 397 functional terms, this emphasises that the demands of attachment are met, in oral cavity 398 parasites, by a dominant reliance on suctorial power ( Fig. 2A) , but the flat relationship could 399 also have significance in evolutionary terms. The absence of a correlation between hamulus 400 1 and body size (Fig. 2B ) could suggest that investment in hard tissues, the hamuli, is costly 
Factors influencing geographical distribution
430
The virtually worldwide distribution of the genus Polystomoides has been interpreted as 
441
Host migrations may also have been an important factor in present parasite distributions.
442
The occurrence of urinary tract species alone in Africa, Madagascar, India and Australia potentially, extinction (Tinsley, 2003 (Tinsley, , 2005 . where Neopolystoma species infect the urinary tract, the oral cavity and the eyelid, 
Evidence of further fine-scale evolutionary divergence
486
The present review of Polystomoides species indicates some regional differences in Price, 1939) and in Mexico (e.g. Thatcher, 1963 ). This appears to have a 'pan-american' morphotype which several other N. American species resemble (including P. oris and P. Polystomoides species specific to the oral cavity in Malaysian hosts are more closely related 515 to oral cavity parasites in Africa than they are to bladder parasites in Malaysia. This is an 516 exact parallel to the scenario investigated by Littlewood et al. (1997) but at the scale of 517 separate continents rather than host species. These and other data also exclude the 518 possibility that the worldwide occurrence of 2 Polystomoides morphotypes reflects 519 convergent evolution of unrelated parasites in response to the same selection pressures in 520 the respective habitats.
521
The zoogeographical and molecular studies provide a guide to the age of the split within Ozaki, 1935, so this generic name is restricted to species from the oral cavity and associated 551 anterior sites. We propose that species in the urinary tract are assigned to a new genus,
552
Uropolystomoides n. gen., with the appellation referring to the site of infection which is 553 diagnostic for chelonian polystomatids with 2 pairs of hamuli. The earliest description in the 554 urinary tract lineage -kachugae -is incomplete (Stewart, 1914) Uropolystomoides n. gen. in the urinary tract (light grey, n = 12) of their chelonian hosts.
971
Best fit lines and shaded 95% confidence regions are derived from linear models (see text).
972
The allometric slopes do not differ between oro-nasal and urinary tract species for sucker 
